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Abstract
We present a new focus point supersymemtry breaking scenario based on the
supersymmetric E7 non-linear sigma model. In this non-linear sigma model, squarks
and sleptons are identified with (pseudo) Nambu-Goldstone bosons. Their masses
are generated only radiatively through gauge and yukawa interactions, and they
are much smaller than the gravitino and gaugino masses at a high energy scale.
On the other hand, Higgs doublets belong to matter multiplets and hence may
have unsuppressed supersymmetry-breaking soft masses. We consider their masses
to be equal to the gravitino mass at the high energy scale, assuming the minimal
Kahler potential for Higgs doublets. We show that the fine-tuning measure of the
electroweak symmetry breaking scale is reduced significantly to ∆ = 30-70, if the
ratio of the gravitino mass to the gaugino mass is around 5/4. Also, the prospects
of the discovery/exclusion of supersymmetric particles at the Large Hadron Collider
and dark matter direct detection experiments are discussed.
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1 Introduction
The supersymmetric (SUSY) E7 non-linear sigma (NLS) model based on E7/SU(5) ×
U(1)3 [1, 2] is attractive since it accomodates three generations of quarks and leptons
as Nambu-Goldstone (NG) chiral multiplets [3, 4]. The NLS model approach based on
exceptional groups has a potential for predicting the maximal number of generations
because the maximal volume of exceptional groups is limited by E8. In fact, we have
four generations and one anti-generation in E8 NLS models. Thus, the net generation
number is also three. Futhermore, the NLS model may explain the observed small yukawa
coupling constants for the first, second and third generations because of the celebrated
low energy theorem [5]. It may be intriguing that the basic structure of the E7 NLS model
does not change much even if we replace the E7 by E7(7) symmetry found in the N = 8
supergravity [6].
We identify the unbroken subgroup SU(5) with the gauge group of grand unification
(GUT) and assume that the E7 is an exact global symmetry in the limit where all yukawa
and gauge coupling constants vanish. We consider that all SUSY-breaking soft masses
for squarks and sleptons are suppressed at some high energy scale such as the GUT
scale. On the other hand, gauginos obtain SUSY breaking masses M1/2 of order of the
gravitino mass, as in usual gravity mediation. Then squarks and sleptons obtain their soft
masses mainly from radiative corrections by gaugino loops, which is nothing but so-called
gaugino mediation [7, 8, 9]. It is remarkable that gaugino mediation models are free from
the serious flavor-changing neutral current problem, since the radiatively induced soft
masses of squarks and sleptons are generation-independent.
The above E7 NLS model also has one NG chiral multiplet 5
′ beside three generations
of quarks and leptons. Gauge and NLS model anomaly cancellation require an addtional
matter multiplet 5¯′ [2]. It is natural that the NG multiplet 5′ acquires an invariant mass
together with 5¯′. Therefore, massless NG multiplets are only three generations of quarks
and leptons1.
In addition to the NG chiral multiplets, we introduce a pair of Higgs multiplets, Hu
1The Kahler manifold E7/SU(5)×U(1)3 also accomodates three right-handed neutrinos as NG chiral
multiplets [10, 11]. If they have Majorana masses at an intermediate scale, mass parameters of right-
handed neutrinos and 5′5¯′ are regarded as explicit breaking parameters of the E7 symmetry.
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and Hd. Since they are not NG chiral multiplets, SUSY breaking soft masses of them are
not suppressed at the high energy scale. We assume that their masses are given by the
gravitino mass m3/2, taking the minimal Kahler potential for them. Obviously, those soft
masses do not disturb the flavor-independent nature of the soft masses of squarks and
sleptons in the first and the second generations, since their yukawa couplings are very
small.
The purpose of this paper is to show the presence of a focus point [12] when the mass
ratio r = m3/2/M1/2 ' 6/5-4/3. This is very much similar to the focus point in gaugino
mediation [13], where a non-universal gaugino mass spectrum is however required.2 We
find that the required degree of fine-tuning is indeed quite mild as a few % (so-called
∆ = 50-100). We also discuss the potential of the Large Hadron Collider (LHC) for
testing the present model.
2 E7/SU(5)× U(1)3 NLS model in supergravity
In this section, we review an E7/SU(5)×U(1)3 NLS model in supergravity. We first show
that the E7/SU(5) × U(1)3 NLS model accommodates three generations of quarks and
leptons. Then we discuss the mass spectrum of minimal SUSY standard model (MSSM)
particles at the tree-level.
2.1 Three generations as NG chiral multiplets
Let us construct the Lie algebra of E7 by considering a maximal subgroup SU(8). Gen-
erators of E7 are decomposed into 63 generators of SU(8), Tˆ
J
I , and 70 anti-symmetric
tensors of SU(8), EIJKL (I, J,K, L = 1-8). The anti-symmetric tensors obey a reality
2 It has been shown that the non-universal gaugino masses relax the fine-tuning of the electroweak
symmetry breaking in general gravity mediation [14].
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constraint, EIJKL
∗ = IJKLMNOPEMNOP/4!. They satisfy the following algebra;[
Tˆ JI , Tˆ
L
K
]
= δK
J TˆLI − δILTˆ JK , (1)[
Tˆ JI , EKLMN
]
= δK
JEILMN + δL
JEKIMN + δM
JEKLIN + δN
JEKLMI − 1
2
δI
JEKLMN ,
[EIJKL, EMNOP ] =
1
2
(
TˆQI QJKLMNOP + Tˆ
Q
J IQKLMNOP + Tˆ
Q
K IJQLMNOP + Tˆ
Q
L IJKQMNOP
)
−1
2
(
TˆQMIJKLQNOP + Tˆ
Q
N IJKLMQOP + Tˆ
Q
O IJKLMNQP + Tˆ
Q
P IJKLMNOQ
)
.
For clarity, we first consider an E7/SU(5)× SU(3)×U(1) NLS model [1]. 133− 24−
8− 1 = 100 broken generators are labelled by SU(5) indices a, b, c, · · · (= 1-5) and SU(3)
indices i, j, k, · · · (= 1, 2, 3) as
Tˆ ia ≡ Xai, Tˆ ai ≡ X¯ai , (2)
− 1
4!
abcdeEbcde ≡ Xa, − 1
3!
abcdeEcdei ≡ Xabi ,
1
2!
ijkEabjk ≡ X¯ iab,
1
3!
ijkEaijk ≡ X¯a.
Unbroken generators of SU(5)× SU(3)× U(1) are given by
Ta
b ≡ Tˆ ba −
1
2
√
3
10
T, Ti
i ≡ Tˆ ji −
1
2
√
5
6
T, T ≡ 2
√
2
15
Tˆ aa . (3)
E7/SU(5) × SU(3) × U(1) Kahler manifold is parameterized by complex parameters
(φia, φ
ab
i , φ
a) associated with broken generators (X¯ai , X¯
i
ab, X¯a) [1, 15]. (φ
i
a, φ
ab
i , φ
a) trans-
form under SU(5)× SU(3)× U(1) as
φia : (5¯,3, 2), φ
ab
i : (10, 3¯, 1), φ
a : (5,1, 3). (4)
It should be noted that 3 copies of 5¯ and 10 arise as NG fields. We identify them with
3 generations of quark (Q, u¯, d¯) and lepton (L, e¯) chiral fields, by gauging SU(5). Note
that E7 symmetry is explicitly broken by gauge couplings.
An E7/SU(5)×U(1)3 NLS model [2, 10] is obtained by breaking SU(3) down to U(1)2.
Three NG chiral fields associated with 8−2 = 6 broken generators of SU(3) are identified
with 3 generations of right-handed neutrinos (N).
In addition to the NG chiral fields mentioned above, we need an additional 5¯′ to cancel
the SU(5) gauge the NLS anomalies [2]. One may identify doublets in φa and 5¯′ as Higgs
fields Hu and Hd. In this case, scalar soft mass squared of MSSM chiral multiplets except
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for that of Hd vanish at the tree-level (see Sec. 2.3). Then, with a specific relation between
the wino and the gluino mass, we obtain the focus point discovered in [13].
In this paper, instead, we assume that φa and 5¯′ obtain their large Dirac mass term
and decouple from low energy dynamics. We introduce Higgs doublets Hu and Hd, in
addition to the NG chiral fields and 5¯′. As we show in the next section, we have a focus
point even in this case.
As usual, the yukawa coupling of Hu and Hd with quarks, leptons and right-handed
neutrinos N are given by
W = yuHuQu¯+ ydHdQd¯+ yeHdLe¯+ yNHuLN, (5)
where we have suppressed generation indices, for simplicity. The yukawa couplings also
break E7 symmetry explicitly.
2.2 Kahler potential of NG fields
Here, we explain properties of Kahler potentials of NLS models necessary for our discus-
sion. For the construction and the full expression of the Kahler potential, see [15].
According to the general procedure presented in [15], one can construct a real function
K(φ, φ†) = φ†φ+ · · · of NG chiral fields φ whose transformation law under E7 is given by
δXK(φ, φ†) = fX(φ) + fX(φ)† : broken symmetry,
δTK(φ, φ†) = 0 : unbroken symmetry. (6)
In global SUSY, K is identified with the Kahler potential because the holomorphic terms
fX(φ) do not contribute to the action. In supergravity, however, the holomorphic terms
do contribute to the action. Thus we are led to introduce a chiral field S [16, 17] whose
transformation law under E7 is defined by
δXS = −fX(φ). (7)
Then the Kahler potential invariant under E7 is given by
K(φ, φ†, S, S†) = F (K(φ, φ†) + S + S†), (8)
where F (x) = x+ · · · is a real function of x.
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2.3 Soft masses of MSSM fields
Let us derive soft masses of MSSM fields at the tree-level. We solve the renormalization
equation of soft masses in the next section, regarding the tree-level soft masses as boundary
conditions at a high-energy scale.
Due to the NG boson-nature, soft mass squared of squarks and sleptons vanish at the
tree-level: as we have discussed in the previous section, the Kahler potential of quarks
and leptons are given by
Kq,l = F (q
†q + S + S†, · · · ) + (higher order in q), (9)
where q denotes quarks and leptons collectively. The ellipse denotes other fields e.g. SUSY
breaking fields. Terms of higher order in q are irrelevant for our discussion on soft masses
and hence we ignore them. From Eq. (9), A and F terms of q (q, F q) and those of S
(S, F S) enter the scalar potential in the following form;
V = G(qq† + S + S†, F qq† + F S, F q
†
q + F S
†
, F qF q
†
, · · · ), (10)
where G is some function and the ellipse denotes dependence on other fields. We have
ignored the contribution from the superpotential of q, since it is irrelevant for soft mass
squared. Solving the equation of motion of F q and F s, we obtain
V = V (qq† + S + S†, · · · ), (11)
where the ellipse denotes dependence on other fields. The soft mass squared of q is given
by
m2q =
∂
∂q
∂
∂q†
V |q=0 = ∂
∂S
V. (12)
The right-handed-side vanishes at the vacuum of S.
We assume that the Kahler potential of Hu and Hd is the minimal,
Kh = H
†
uHu +H
†
dHd. (13)
Then soft mass squared of Hu and Hd is given by the gravitino mass m3/2;
m2Hu = m
2
Hd
= m23/2. (14)
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Gaugino masses are given by couplings between gauge multiplets and the SUSY break-
ing field Z in the gauge-kinetic function,∫
d2θ(
1
g2
+ kZ)WαWα, (15)
where g is the gauge coupling constant, k is a constant, and Wα is the superfield strength
of the gauge multiplets. Assuming that MSSM gauge multiplets are unified to an SU(5)
gauge multiplet, the universal gaugino masses are given by3
M1/2 =
√
3
2
kg2K
−1/2
ZZ† m3/2 (16)
at the GUT scale, where KZZ† denotes the derivative of the Kahler potential with respect
to Z and Z†. Here, we assume that the SUSY is dominantly broken by the F term of Z.
3 Focus point for the electroweak symmetry breaking
Let us first assume that the Kahler potential of the SUSY breaking field Z is the minimal
one and its vacuum expectation value (VEV) is much smaller than the Planck scale. In
this special case, trilinear A-terms almost vanish. We discuss the case of non-vanishing
A terms later. As for the gaugino masses, we assume the universal gaugino mass M1 =
M2 = M3 = M1/2. We also discuss the case of non-universal gaugino masses, where we
see the focus point behavior is maintained. As we have shown in the previous section,
soft masses of squarks and sleptons all vanish at the tree level. However, the global E7
symmetry is not exact and hence it may be more natural to consider that they have
non-vanishing small masses. These non-vanishing soft masses are expected to be much
smaller than the gravitino mass m3/2 [11, 18, 19], and hence they have only small effects
on the fine-tuning of the electroweak symmetry breaking (EWSB) scale (see Fig. 8). In
this paper, we assume that squarks and sleptons have vanishing soft masses, for simplicity.
Thus, we have only three soft SUSY breaking masses, m3/2(= mHu = mHd), M1/2 and
B0 = Bµ/µ|Minp .4 Here, Minp is the mass scale where those soft SUSY breaking masses
are set, and is taken as Minp = 10
16 GeV.
3 Universality of gaugino masses is not crucial for the focus point discussed in the next section (see
Fig. 5).
4The Higgs µ and Bµ terms are assumed to arise from the Giudice-Masiero mechanism [20]. Then,
B0 is regarded as a free parameter.
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The EWSB conditions are given by
g21 + g
2
2
4
v2 = −µ2 − (m
2
Hu
+ 1
2vu
∂∆V
∂vu
) tan2 β
tan2 β − 1 +
m2Hd +
1
2vd
∂∆V
∂vd
tan2 β − 1
∣∣∣
MIR
,
Bµ (tan2 β + 1)
tan β
= m2Hu +
1
2vu
∂∆V
∂vu
+m2Hd +
1
2vd
∂∆V
∂vd
+ 2µ2
∣∣∣
MIR
. (17)
The soft masses m2Hu and m
2
Hd
as well as the one-loop corrections to the Higgs potential
∆V are evaluated at the scale MIR =
√
mQ3mU¯3 (the stop mass scale). We assume that
the ratio between m3/2 and M1/2, r = m3/2/M1/2, is fixed by some high energy physics.
Then, the EWSB scale v is determined by three fundamental parameters, µ|Minp , M1/2
and B0.
Now, we estimate the fine-tuning of the EWSB scale with respect to the fundamental
parameters. We employ the following fine-tuning measure [21]:
∆ = max
a
{|∆a|}, ∆a =
{∂ ln v
∂ lnµ
∣∣∣
v=vobs
,
∂ ln v
∂ lnM1/2
∣∣∣
v=vobs
,
∂ ln v
∂ lnB0
∣∣∣
v=vobs
}
, (18)
where vobs ' 174.1 GeV.
3.1 The case for vanishing A-terms
When A-terms vanish, the soft mass of the up-type Higgs at the IR scale can be writ-
ten in terms of M1/2 and m3/2. By numerically solving 2-loop renormalization group
equations [22], it is given by
m2Hu(MIR = 2 TeV) ' 0.689m23/2 − 1.182M21/2, (19)
for MIR = 2 TeV, and
m2Hu(MIR = 3 TeV) ' 0.694m23/2 − 1.067M21/2, (20)
for MIR = 3 TeV. Here, the top pole mass mt = 173.34 GeV, αS(MZ) = 0.1184 and
tan β=25. We see that if r = m3/2/M1/2 ' 6/5-4/3, mHu(MIR) becomes significantly
smaller than m3/2 and M1/2: the fine-tuning of the EWSB scale becomes mild. Since the
contribution of the soft mass of the down-type Higgs to the EWSB scale is suppressed by
1/ tan2 β (see Eq. (17)), it is less important than m2Hu if tan β is large.
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Let us estimate the required size of M1/2 for the observed Higgs boson mass around
125 GeV. In Fig. 1, the Higgs boson mass is shown as a function of M1/2. The Higgs boson
mass is evaluated using FeynHiggs 2.10.3 [23]. The mass spectrum of SUSY particles
are calculated using Softsusy 3.5.2 [24]. The Higgs boson mass mh = (123, 124, 125)
GeV is obtained for M1/2 ' (1400, 1700, 2100) GeV. Therefore, M1/2 = 1400-2100 GeV
is consistent with the observed Higgs boson mass. Note that mh is almost insensitive to
r = m3/2/M1/2.
In Fig. 2, ∆ and µ are shown. It is very much encouraging to see that there is indeed
a parameter region where only a mild fine tuning is required (∆ ' 30-50). In such a
region around r ' 6/5, µ is small: the Higgsino is the lightest SUSY particle (LSP) if µ is
sufficiently small. In this case, the Higgsino is a dark matter candidate. With non-thermal
productions [25], the abundance of this Higgsino-like neutralino can be consistent with the
observed dark matter abundance. The spin-independent neutralino-nucleon cross section
is around 10−45 cm2 (see Table 1), and it is consistent with the current limit from the
LUX experiment [26].
Apart from this small µ region, the stau is the LSP. However, we can enlarge the
region of the Higgsino LSP, by introducing the small scalar masses for the sleptons (and
squarks). These small scalar masses can be generated at the one-loop level due to the
explicite breaking of E7/SU(5)× U(1)3 [11, 18], and the stau mass is lifted.
The minimum value of ∆ is found to be ∆ = 40-70 for M1/2 = 1400-2100 GeV. The
mild fine-tuning of ∆ = 40-70 is consistent with the observed Higgs boson mass around
125 GeV, as explained above.
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3.2 The case for non-vanishing A-terms
When the VEV of Z is of the order of the Planck mass scale, we have non-vanishing
A-terms.5 In this case, m2Hu at MIR is written as
m2Hu(MIR = 2 TeV) ' 0.689m23/2 − 1.182M21/2 + 0.331M1/2A0 − 0.120A20, (22)
for MIR = 2 TeV, and
m2Hu(MIR = 3 TeV) ' 0.694m23/2 − 1.067M21/2 + 0.322M1/2A0 − 0.109A20, (23)
for MIR = 3 TeV, where A0 is the universal trilinear couplings given at Minp. Note that
the coefficients of A20 and M1/2A0 are not large. Therefore, as long as |A0| < M1/2, the
presence of A0 does not affect the fine-tuning of the EWSB scale significantly.
Since we have non-zero A-terms, the fine-tuning measure ∆ becomes
∆ = max
a
{|∆a|}, ∆a =
{∂ ln v
∂ lnµ
,
∂ ln v
∂ lnM1/2
,
∂ ln v
∂ lnA0
,
∂ ln v
∂ lnB0
}
. (24)
In Fig. 3, the Higgs boson mass is shown with A0 6= 0. When A0 is negative (positive),
required M1/2 for the Higgs boson mass becomes smaller (larger). The Higgs boson mass of
mh = (123, 124, 125) GeV is obtained for M1/2 ' (1200, 1500, 1900) GeV and A0 = −500
GeV, while mh = (123, 124, 125) GeV is obtained for M1/2 ' (1600, 1900, 2300) GeV and
A0 = 800 GeV.
In Fig. 4, ∆ and µ are shown for non-zero A-terms. In the upper (lower) two panels,
A0 = −500 (800) GeV. For A0 = −500 GeV, ∆ = 40-90: although smaller M1/2 is allowed,
the fine-tuning becomes slightly worse than that of the model with A0 = 0. On the other
hand, for A0 = 800 GeV, ∆ = 30-60. The positive A0 slightly reduces ∆ (see Eq. (22)(23))
compared to the model with A0 = 0. The larger A0 is not favored, since (∂ ln v/∂ lnA0)
becomes large and so does ∆.
5 The scalar potential contains the following term:
V 3 eK/2 ∂K
∂Z
(λijkQiQjQk + λlmQlQm)
(
∂W
∂Z
+
∂K
∂Z
W
)∗
+ h.c. , (21)
where Qi denotes a scalar component of a MSSM superfield. Therefore, if (∂K/∂Z) = Z ∼ 1, the above
term gives O(m3/2) contribution to trilinear A-terms and bilinear B-terms.
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Figure 1: The Higgs boson mass as a function of M1/2. The ratio r is defined by r =
m3/2/M1/2. We take A0 = 0, tan β = 25, αs(MZ) = 0.1184 and mt = 173.34 GeV.
We note that the focus point of the EWSB scale is maintained, even if the gaugino
masses are non-universal. In Fig. 5, ∆ is shown for M2/M1/2 = 0.5 and M2/M1/2 = 1.5,
where M2 is the wino mass at Minp. The gluino and bino masses are taken as M1/2.
The ratio M2/M1/2 is assumed to be fixed at Minp. Although r = m3/2/M1/2 giving the
minimum value of ∆ is slightly shifted from that of the universal gaugino mass case, it can
be seen that the small ∆ is still maintained even if the gaugino masses are non-universal.
Fig. 6 and 7 show mh and ∆ for the larger top mass, mt = 174.10 GeV. We see that the
fine-tuning is slightly improved as ∆ = 30-50 for A0 = 800 GeV and M1/2 = 1500-2100
GeV, where the Higgs mass of mh = 123-125 GeV is obtained.
Finally, we discuss the stability of our focus point against small changes of sfermions
masses, since one-loop threshold corrections may generate sfermions masses of O(100)
GeV [18, 11]. In Fig. 8, we show ∆ when non-zero squark and slepton masses m20 exist.
Here, we have also considered the contribution ofm20 to fine-tuning, ∆m0 = ∂ ln v/∂ ln |m0|.
We see that the focus point is maintained, as long as m0
<∼ 500 GeV.
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Figure 2: ∆ and µ as a function of r. In each panel, different curves correspond to different
M1/2. The other parameters are same as in Fig. 1.
4 Discussion and conclusions
We have shown the presence of a new focus point based on the E7/SU(5) × U(1)3 NLS
model. With the fixed ratio of the gravitino mass to the gaugino mass around 5/4, the
EWSB scale is insensitive to the soft SUSY breaking mass scale. Since all the soft masses
apart from those of the Higgs doublets are mainly generated from gaugino loops, this
focus point scenario is free from the SUSY flavor problem. Small fine-tuning, ∆ = 30-70,
is consistent with the observed Higgs boson mass around 125 GeV. On the focus point,
the gluino and squark masses are predicted around 3-4 TeV, as shown in Table 1. Since
squarks lighter than 3.5 TeV (3.0 TeV) can be excluded (discovered) with the 3000 fb−1
data for the gluino mass of 4.5 TeV at the LHC [29], it is expected that the present
scenario can be tested at the high luminosity LHC.
The Higgsino-like neutralino is the LSP in the region with mild fine-tuning (i.e. small
∆). This neutralino can be dark matter: the observed dark matter abundance may be ex-
plained by some non-thermal dark matter production. The spin-independent neutralino-
nucleon cross section is around 10−45 cm2; therefore, the neturalino dark matter can be
easily discovered/excluded at future direct detection experiments.
Let us comment on focus points in general. The EWSB scale is basically determined
12
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Figure 3: The Higgs boson mass as a function of M1/2 for different A0. Here, r = 1.1 and
the other parameters are same as in Fig. 1.
by m2Hu,d , m
2
sfermion and Mgaugino. Focus points, or, seminatual SUSY, are based on postu-
lated relations between those parameters. The focus point discussed in [12] assumes the
universal scalar masses and small gaugino masses (see also [30]). The focus point in [13]
assumes vanishing scalar masses and a specific ratio between the wino and the gluino
masses. The focus point in this paper assumes vanishing sfermion masses motivated from
the NLS model.6 We have found the presence of a focus point when the ratio of m2Hu
to the gluino mass is fixed around 5/4. We do not have concrete high energy physics
models which lead to these relations at present. However, taking the naturalness problem
seriously, it would be helpful to search for focus points phenomenologically and examine
their predictions. Once the predictions are confirmed by experiments, we hope that the
nature of the focus points will guide us to unknown high energy physics.
Finally, let us comment on cosmological aspects of our model. In our model, the
gravitino is as heavy as a few TeV, and it decays into standard model particles and their
superpartners with a long life-time; therefore, we need to pay attention to the cosmological
gravitino problem [31]. However, in fact, the gravitino problem is avoided if the reheating
temperature is lower than about 106 GeV [32].
6 Thus, our focus point also exists in the gaugino mediation model of [8, 9], where sfermion masses
vanish.
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P1
M1/2 1400 GeV
r 1.30
A0 0 GeV
tanβ 25
µ 300
∆ 47
mgluino 2.97 TeV
mq˜ 2.56 - 2.69 TeV
mt˜1,2 1.94, 2.38 TeV
mτ˜1 322 GeV
mχ01 , mχ02 299, 310 GeV
mχ03 , mχ04 611, 1142 GeV
mχ±1
, mχ±2
305, 1142 GeV
mh 123.2 GeV
(σp)SI 2.5 · 10−45 cm2
P2
M1/2 1900 GeV
r 1.24
A0 0 GeV
tanβ 25
µ 471
∆ 66
mgluino 3.95 TeV
mq˜ 3.39 - 3.57 TeV
mt˜1,2 2.60, 3.16 TeV
mτ˜1 457 GeV
mχ01 , mχ02 475, 484 GeV
mχ03 , mχ04 834, 1553 GeV
mχ±1
, mχ±2
480, 1554 GeV
mh 124.7 GeV
(σp)SI −
P3
M1/2 2300 GeV
r 1.16
A0 800 GeV
tanβ 25
µ 483
∆ 56
mgluino 4.73 TeV
mq˜ 4.04 - 4.26 TeV
mt˜1,2 3.19, 3.81 TeV
mτ˜1 602 GeV
mχ01 , mχ02 491, 497 GeV
mχ03 , mχ04 1013, 1882 GeV
mχ±1
, mχ±2
494, 1882 GeV
mh 125.1 GeV
(σp)SI 0.8 · 10−45 cm2
P4
M1/2 1600 GeV
r 1.20
A0 800 GeV
tanβ 25
µ 326
∆ 31
mgluino 3.28 TeV
mq˜ 2.89 - 3.04 TeV
mt˜1,2 2.28, 2.73 TeV
mτ˜1 408 GeV
mχ01 , mχ02 328, 337 GeV
mχ03 , mχ04 699, 1305 GeV
mχ±1
, mχ±2
333, 1305 GeV
mh 123.2 GeV
(σp)SI 1.8 · 10−45 cm2
Table 1: The SUSY mass spectra. Here, mt = 173.34 GeV. The spin-independent
neutralino-proton cross section, (σp)SI, is calculated using micrOMEGAs 4.1.7 [27], with
fs ' 0.045 [28].
We have two modulus fields, the SUSY breaking field Z and the chiral multiplet S.
They may obtain large amplitudes and hence large energy densities in the early universe.
Decay of moduli ruins the success of the Big Bang Nucleosynthesis (BBN) and produces
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large entropy [33] as well as too much LSP dark matter. However, the amplitude of Z can
be suppressed by couplings of Z in the superpotential [34] or by strong couplings with the
inflaton in the Kahler potential [35, 36, 37]. The latter solution is also applicable to S.7
The imaginary component of the chiral multiplet S does not obtain its mass from the
Kahler potential due to the shift symmetry of S (see Eq. (8)), which is a U(1) part of
the E7 symmetry [17]. If the imaginary component remains massless and is produced
in the early universe, it may contribute to the dark radiation of the universe. It is also
possible that the shift symmetry is anomalous and hence obtains its mass from QCD
dynamics [38]. Then the imaginary component works as a QCD axion [39] and hence
solves the strong CP problem.
In the NLS model, not only soft mass squared but also Hubble induced masses vanish.
Then squarks and sleptons obtain unsuppressed quantum fluctuations during inflation. It
would be interesting to investigate dynamics of squarks and sleptons in the early universe.
In the above discussion on cosmology, we have assumed that the gravitino mass is O(1)
TeV. It would be interesting to consider a model with a gravitino mass far larger than
O(1) TeV, say O(100) TeV. In this case, the moduli and the gravitino decay well before
the BBN and hence is free from the constraint from the BBN.8 If the SUSY breaking field
Z weakly couples to the Higgs fields Hu and Hd in the conformal frame of the Kahler
potential and to gauge multiples in gauge kinetic functions, we obtain a similar focus
point as what we have discussed in this paper.9
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Figure 4: ∆ and µ as a function of r for A0 6= 0. In the upper (lower) two panels,
A0 = −500 (800) GeV. The other parameters are same as in Fig. 1.
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Figure 5: ∆ in the non-universal gaugino mass cases. In the left (right) panel
M2/M1/2=0.5 (1.5). Here, A0 = 800 GeV. The other parameters are same as in Fig. 1.
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Figure 6: The Higgs boson mass for the larger top mass, mt = 174.10 GeV. Here, r = 1.1,
tan β = 25.
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Figure 7: ∆ for the larger top mass, mt = 174.10 GeV. In the right (left) panel, A0 = 800
(0) GeV. The other parameters are same in Fig. 6.
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Figure 8: ∆ as a function of m0. Squark masses are m
2
Q = m
2
U¯
= m2
D¯
= sign(m0)|m0|2, and
slepton masses are m2L = m
2
E¯
= |m0|2. The other parameters are r = 5/4, M1/2 = 1900
GeV, tan β = 25, A0 = 0 and mt = 173.34 GeV.
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